Abstract
Introduction

20
Understanding the sustainability and extinction risk of data-sparse species is a pressing problem 21 for policy-makers and managers.
is challenge can be compounded by economic, social and year [1] . e Mobulinae also includes nine described species of devil rays (Mobula spp. First, we estimate growth parameters using a Bayesian approach that incorporates prior knowl-67 edge of maximum size and size at birth of this species, using the length-at-age data presented in 
78
We analyse a unique set of length-at-age data for a single population of M. japanica caught in a
79
Mexican artisanal shery. Individuals in this sample were limited to 110 and 240 cm disc width
80
(DW), which falls short (77%) of the maximum disc width reported elsewhere [14] . erefore,
81
we use a Bayesian approach to re t growth curves to this length-at-age dataset [15] . We use 82 published estimates of maximum size and size at birth to set informative priors.
83
We t the three-parameter von Bertalan y equation to the length-at-age data, combining 84 sexes:
where L t is length at age t, and the growth coe cient k, 
is can be wri en as: 
We also constrain our prior for L 0 around size at birth, and use a beta distribution to constrain 106 our prior for growth coe cient k between zero and one, with a probability distribution that is 107 slightly higher closer to a value of 0.1:
We compared the e ect of our informative priors on our posteriors with parameter estimates 109 with weaker priors, in which we maintained the mean of the distributions but increased their 110 variance:
We also considered a scenario with uninformative priors, where all prior distributions are 112 uniform:
In all models we set an weakly informative prior for the variance σ 2 , such that:
A summary of the priors used can be seen in is information is very valuable when inferring whether shing mortality F is unsustainable.
128
We calculate Z as the slope of the regression of the catch curve, including only those ages or sizes 129 that are vulnerable to the shery.
130
We removed age-classes that had zero individuals in our sample to be able to take the natural year. us we draw b from a uniform distribution bound between 0.25 and 0.5.
158
Age at maturity (α mat ) ere are no direct estimates of age at maturity for any mobulid ray, a er 5-6 years. us we draw α mat from a uniform distribution bound between 5 and 6.
162
Natural mortality (M ) We estimate natural mortality as the reciprocal of average lifespan: Fig. 1 ). e asymptotic size in the model with strong priors was closest to the maximum 180 observed size for this species (Fig. 2) . Estimates of k were lowest in the model with strong priors 181 and highest in the model with uninformative priors ( (Fig. 4) . Among species with similar somatic growth rates, the Spinetail Devil Ray has 204 the lowest r max value (black diamond in Fig. 4a ). is contrast is strongest when excluding deep-
205
water chondrichthyans (white circles in Fig. 4) , which tend to have much lower rates of population Shark (Fig. 4) . We conclude the comparable extinction risks of devil and manta rays, coupled with 216 the ongoing demand for their gill plates, suggest that conferring a similar degree of protection to 217 all mobulids is warranted.
218
Next we consider three key questions that arise from our analyses: (1) Why do mobulid rays 219 have such low productivity? (2) Can growth estimates be improved with prior knowledge? (3)
220
Can small-scale sheries cause local declines in devil ray populations?
221
We found that the Spinetail Devil Ray has similar productivity to manta rays, despite this species shing mortality is highly uncertain (Fig. 3b) , the large discrepancy between our estimates of F rates and low post-release survival suggest shing mortality rates need to be understood and 283 potentially minimized to ensure the future persistence of these species.
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